Ryanodine receptor type 2 (RyR-2), the main Ca 2+ release channel from sarcoplasmic reticulum in cardiomyocytes, plays a vital role in the regulation ofmyocardial contractile function and cardiac hypertrophy. However, the role of RyR-2 in cardiac fibrosis during the development of cardiac hypertrophy remains unclear.
C
ardiac hypertrophy is usually a compensatory physiological process that develops in response to hemodynamic overload which leads by hypertension, valve diseases, and myocardial infarction to preserve cardiacoutput and tissue perfusion. 1, 2) However, prolonged hypertrophy may lead to cardiac fibrosis and eventually heart failure.
3) It is well known that cardiac hypertrophy is a complex process involving several major aspects of alterations, and the abnormality of intracellular Ca 2+ homeostasis is a critical one. 4) Ryanodine receptor type 2 (RyR2), one member of RyR family, is a homotetrameric protein complex that regulates Ca 2+ release from sarcoplasmic reticulum into the cytosol. RyR2 is involved in the process of excitationcontraction (EC) coupling in heart, which linked sarcolemmal depolarization with the rise of cellular calcium transients and subsequent contraction. 5) Recently, almost at the same time, different labs found that the EC coupling associated Ca 2+ from RyR2 gateway may affect hypertrophic signaling: RyR2-dependent Ca 2+ leak could activate calcineurin/nuclear factor of activated T cells pathway, extracellular signal-regulated protein kinases and Akt under conditions of pressure overload. 6, 7) Cardiac fibroblasts respond to a diverse array of stimuli which includes changes in mechanical stretch, oxygen levels, hormones (such as noradrenaline, angiotensin II, endothelin-1, natriuretic peptides, adenosine, etc.) and cytokines (TNF-α, IL-1, IL-6, TGF-β, etc.). [8] [9] [10] [11] [12] [13] [14] [15] [16] Interestingly, reduction of RyR2 in mice reduces the cardiac fibrosis under pressure overload. 7) However, the role of RyR2 that regulates cardiac fibrosis is unclear.
In this study, we detected the expression pattern of RyR2 in the heart tissue, and found that RyR2 expresses only in cardiomyocytes, then confirmedthe involvement of supernates from cultured cardiomyocytes with RyR2 knockdown under mechanical stretchin cardiac fibrosis. We firstly discovered the novel function of RyR2 in regulating collagen expression through the paracrine release of TGFβ1.
Methods
Preparation of cell cultures of cardiomyocytes and cardiac fibroblasts: The cardiomyocytes and cardiac fibroblasts were obtained as described earlier. 17) Briefly, hearts of 1-2 day old neonatal Sprague-Dawley (SD) rats were dissected, and then ventricles were minced and dissociated using trypsin. The harvest cells were cultured in the gelatin-coated dish with Dulbecco's modified Eagle's medium Nutnent Mixture F-12 (DMEM/F12) and 10% fetal bovine serum (FBS). After 1.5 hours, non-adherent cells (cardiomyocytes) were collected to plate in the siliconbased plates pre-coated withcollagen for 24 hours before change medium. When mechanical stretch cardiomyocytes, uniaxial strain was applied by stretching the silicone dish by 20% stretch and the control were carried out simultaneously without stretch.
18) The cardiac fibroblasts were cultured in DMEM with 10% FBS and antibiotics and the 3rd passage fibroblasts were used all throughout the experiment. RNA interference: The selected siRNA sequences specific to RyR2 were: sense, 5'-GGAAAGAAGTCGATGGC AT-3' and antisense, 5'-ATGCCATCGACTTCTTTCC-3'. The siRNA sequences were cloned into pLKO vector and produced lentiviral particles using HEK-293T cells. pLKO.1-GFP lentiviral particles was used as a control. The lentivirus shRyR2 was transfected into cardiomyocytes to knockdown RyR2.
RNA reverse-transcription and Real-Time PCR:
Total RNA was isolated from cultured cardiomyocytes, cardiac fibroblasts, and H9C2 by using TRIzol reagent, then reverse transcribed using TOYOBO ReverTra Ace-α RT-PCR kit according to the manufacturer instruction. Expression of RyR2, tgfb1, col1a1 and col3a1 was analyzed on the Bio-Rad IQ5 multicolor detection system with Power SYBR Green PCR Master Mix (TaKaRa, Shiga, Japan). The expression level of these genes was normalized to GAPDH using the comparative CT method. Western-blotting analyses: Western-blotting was performed using standard protocols. Briefly, cardiomyocytes were lysed in radioimmuneprecipitation (RIPA) buffer and used bicinchoninic acid assay determined its protein concentration (Thermo Fisher Scientific Inc., Rockford, IL USA). Using SDS-PAGE, isolated proteins were fractionated and transferred to polyvinylidene difluoridemembrane. Subsequently, the membranes were incubated with primary and secondary antibodies (Jackson, West Grove, PA, USA). ELISA assay: Supernates of cultured cardiomyocytes were collected and examined by Rat Transforming Growth Factor β1 ELISA Kit (CUSABIO BIOTECH, China) following the manufacturer's instructions. Briefly, collected supernates were added to TGFβ1-antibody coated plate. After 2 hours of incubation at 37 , stop solution wasadded and absorbance wasread by a spectrophotometer. Statistical analysis: All the data were expressed as the mean±SEM. Multiple group comparison wasperformed by one-way ANOVA followed by LSD method for multiple means. Comparison between two groups was performed by the two-tailed Student's t-test. A value of P < 0.05 was considered statistically significant. All the experiments were repeated at leastthree times.
Results
The expression pattern of RyR2 in heart cells: As we know, RyR2 mainly expresses in the heart. However, which celltypes of heart express RyR2 remains unclear. We detected the expression of RyR2 in cardiomyocytes, cardiac fibroblasts of neonatal rats and H9C2 cell line using Real-Time PCR. As shown in Figure 1 , we knew that RyR2 primarily expresses in cardiomyocytes and few in cardiac fibroblasts and H9C2. RyR2 promotes the expression of TGFβ in mechanically stretched cells: We wonderthe effect of RyR2 in mechanical stretch. Firstly, we produced lentiviral particles to knockdown RyR2 in cardiomyocytes. Real-Time PCR and Western-Blotting results (Figure 2A and B) showed that lentiviral particles shRyR2 could reduce RyR2 expression level compared with the control (pLKO_GFP). Previous study showed that TGFβ1 expression was upregulated in stretch-stimulatedcardiomyocytes. 19 ) Whether RyR2 plays a critical role in this pathway remains to be explored. We thus harvested the conditioned media (CM), in which mechanically stretched (MS) cardiomyocyteswere cultured for 24 hours. Using ELISA, TGFβ1 was found to be significantly activated (P < 0.05) in cardiomyocytes under mechanical stretch; in contrast, TGFβ1 was detected to have a slight but nosignificant increase in- mechanically stretched cardiomyocytes in which RyR2 was knockdown (MS+shRyR2 versus control) (Figure 2C ). In concordant with this, the expression of TGFβ1 in transcription level and translation level also confirmed the result (Figure 2D and E) . TGFβ1 regulatesthe expression of col1a1 and col3a1 by paracrine mechanism: Our previous study in wild type and RyR2 +/-mice demonstratedthat a reduction of RyR2 gene decreases fibrosis under pressure overload. 7) It is tempting to hypothesize that RyR2 regulates fibrosis through TGFβ1. We harvested the CM which comes from mechanically stretched cardiomyocytes for 24 hours, MS RyR2 knockdown cardiomyocytesfor 24 hours and the control, respectively. Cardiac fibroblasts were cultured using the harvested CM for 24 hours. Real-Time PCR result showed that col1a1 and col3a1were both significantly activated by mechanical stretch (P < 0.05), and the activation could be partially repressed by RyR2 knockdown ( Figure 3A ). This result suggested that col1a1 and col3a1 are potentially regulated by RyR2 in cardiac fibrosis.
We continued to record whether TGFβ1 was involved in regulation of col1a1 and col3a1 by RyR2. For this purpose, we included a TGFβ1-neutralizing antibody which could inhibit TGFβ1 in CM in which MS cardiomyocytes were cultured for 24 hours during cardiac fibroblasts incubation. Using Real-Time PCR, we found the upregulation of col1a1 and col3a1 depended on TGFβ1 activity ( Figure  3B ). This data suggested that TGFβ1 secreted by cardiomyocytes promoted col1a1 and col3a1 expression. All the results collectively established that RyR2 regulated TGFβ1 expression when cardiomyocytes in mechanical stretch and TGFβ1 promoted col1a1 and col3a1 expres- Expression of col1a1 and col3a1 in cardiac fibroblasts was measured by Real-Time PCR. Values are expressed as mean ± SEM obtained from 3 independent experiments. Control indicates collected the supernates of stationary cardiomyocytes to culture cardiac fibroblasts; MS, collected the supernates of cardiomyocytes under mechanical stretch for 24 hours to culture cardiac fibroblasts; MS + KD, collected the supernates of RyR2 knockdown cardiomyocytes under mechanical stretch for 24 hours to culture cardiac fibroblasts; MS + TGFβ_NAB, collected the supernates of cardiomyocytes under mechanical stretch for 24 hours with TGFβ1-neutralizing antibody to culture cardiac fibroblasts. * P < 0.05 versus control; # P < 0.05 versus MS. sion of cardiac fibroblasts by the paracrine mechanism.
Discussion
Our previous study in RyR2 +/-mice documented that RyR2 is required for the development of cardiac hypertrophy during pressure overload; concurrently, RyR2 may positively regulate cardiac fibrosis, however, the mechanism is not clear. 7) In the present study, we have demonstrated that during the MS cardiomyocytes, RyR2 induced TGFβ1 expression; subsequently, TGFβ1 regulated cardiac fibrosis by the paracrine mechanism. activated Calcineurin-NFAT pathway under pressure overload. 6, 7) Our data showed that RyR2 could regulate TGFβ1 expression in three different levels. Taking together, these data hint that under the activation angiotensin II type 1 receptor, RyR2 promoted TGFβ1 through Calcineurin-NFAT pathway.
TGFβ1, produced by either cardiomyocytes or cardiac fibroblasts in heart, was a secreted cytokine that was considered to play a central role in regulating tissue fibrosis in the heart. When secreted TGFβ1 binds its receptor, it would trigger smad family proteins totranslocate into the nucleus to activate downstream gene transcription. Our results suggest that TGFβ1 derived from cardiomyocytes could induce collagen genes expression. Secreted TGFβ1 could induce TGFβ1 expression in stationary cardiomyocytes. 17) Whether secreted TGFβ1 fromcardiomyocytes coulddirectly activate collagen expression or induce TGFβ1 expression in cardiac fibroblastsstill needs research in future.
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